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VL DireSlions for ufing the common Mi- 
crometer^ taken from a Paper in the late 

Dr. Bradley's '^Hand-writiiw \ commtmi^ 
cated by Nevil Mafkelynq, Afronomer 
Royal^ a7id F. R. S. 



Read Feb, .o, ^ yfl CROMETERS, as firft con- 
^7 7 2- iVX trived, being only adapted to the 
meafuring fmall angles, as the diameters of the Sui^ 
and Moon, or other planets, and taking the diftance 
of fuch dbjefts as appeared within the aperture of 
the telefcope at the jfame time, were not of fo gc*« 
neral ufe as thofe which are contrived not only to 
anfwer the ends that the firft inventers aimed at, 
but like wife, to take the difference of right afcen- 
iion and declination of fuch objeds as are farther 
afunder than the telefcope will take in at once, but 
which pafs through the aperture of it at different 
times. Mr. Caflini firft made ufe of threads inter- 
fering one another at half right angles for deter-* 
mining the difference of right afcenfions and decli- 
nations of objedls near the fame parallel ; and this 
apparatus being fimple and eafiiy procured is of 
very great ufe to fuch as are not provided with a mi- 
crometer made according to the late improvements, 
But, where fuch a one is at hand, that method how- 
ever curious peed not be made ufe of, the micro- 
meter 
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meter ferving for the fame purpofe with greater ex- 
aftnefs. It was for this reafon indeed that the late 
alteration in the form of the micrometer was made, 
they being before not fo convenient for making 
fuch fort of obfervadonsj both^ hairs being ufually 
moveable, and no provifion being made for fetting 
the hairs parallel to the diurnal motion of the ob- 
jefts to be obfer?edj both which inconveniencies 
are avoided in the prefent micrometers. 

The micrometer, as now contrived, is not only 
of ufe in meafuring fmall angles or diftances be- 
tween fuch objefts as appear within the aperture of 
the telefcope at the faro© time, but likewife in taking 
the difference of right afcenfion and declination be- 
tween ftars and planets, &cc. which in their apparent 
diurnal motion follow one anotl^r through the tele- 
fcope if kept in the fame fituation. In making the 
firft kind of obfervations, turn the Abort tube which 
carries the eye glafs and micrometer, &c. till the 
crofs thread (or that which cuts the parallel threads 
at right angles) lies parallel to a line paffing through 
the objeds whofe diftance is to be meafured, and 
then by railing or depreffing the telefcope by help 
of the ftand bring the objeds to appear upon or 
near the crofs thread, and one of them jufl to touch 
the fixt parallel thread : then turn the index of the 
micrometer till the moveable thread touches the 
other objed, and the number of revolutions and 
parts of a revoiutron fhewn by the indeXj turned 
into minutes and feconds by the table made as 
hereafter direded, will be the apparent angular 
diftance of thofe objeds. It is here fuppoied, that 
the threads exadly clofe, fo as to touch each other 

when 
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when the Index ftands at the beginning of the divi- 
fions : for, if they do not, there muft be an allow- 
ance made in every obfervation j ^to avoid which, it is 
always beft to adjuft the threads to the beginning of 
the divifions when they are firft put onj for which 
purpofe the holes in the little plate which carries 
the moveable thread are made oblong to give room 
to move it as occalion requires, before it is pinched 
hard by the fmall fcrews which falT:en it to the 
moveable arm, through which the long fcrew paflea. 
The other parallel thread, which I call the fixed 
one, muft be firft adjufted by fetting its edge exadtly 
over the two marks made on each fide the fliort 
diameter of the aperture in the broad plates, and the 
crofs thread muft be likewife fet to agree with the 
ftrokes made on each fide the longeft diameter, and 
then the interfedion of the crofs thread and the fixt 
parallel one will be the center of the motion given 
to the outer plate of the micrometer (to which the 
great fcrew index and threads are fattened) by the 
worm, by turning of which the fixt parallel thread 
may eafily be made to lie parallel to the apparent 
motion of any object in order to take the differ- 
ence of declination and right alcenfion from any 
other that follows through the aperture of the te* 
lefcope. 

This'Contrivance is of very great ufe to make a ftar, 
&c. move true along the fixt parallel thread, which 
is abfolutely neceflary in order to take the true dif- 
ference of right afcenfion and declination between 
it and any other that follows. Without this contri- 
vance it is very difficult to make a ftar move exadlly 
lipon the thread, and it can only be done by re- 
peated 
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peated trials, whieh may fometimes take up a great 
deal ot time. 

If therefore a ftar is made to move on the parallel 
thread juft at the crofs, and (the telefcope continuing 
fixt in the fame pofition) it is afterwards near its 
going out of the aperture found not to be upon the 
thread, that muft then be brought to the ftar by 
the help of the worm, and then tlie thread will lie 
parallel to the diurnal motion of the ftar in that 
part of the heavens, and confequently the crofs 
thread will reprefent a meridian, and the others 
parallels of declinations, and the difference of time 
between the pailage of the ftar at the crofs wire 
(which was made to move along the thread), and 
the tranfit of any other ftar, &c. over the crofs 
thread which reprefents a meridian, turned into degrees 
and minutes, will give the difference of right afcenfion 
And, if the moveable parallel thread be brought, by 
turning the index, to touch the other ftar about the 
time of its palTage over the crofs thread, then the 
number of revolutions and parts fhewn by the index 
(turned into minutes and feconds of a degree by the 
table) will be the difference of declination between the 
two ftars. If the ftar is made to pafs alcnp the fixed 
thread fo as to feem perfcdly biiefted, there muft 
be an allowance made for the femidiameter of the 
thread or wire, becaufe I fuppofe the index to be 
adjufted as before to the inner edges of the wires ; 
but it may, if it is found convenient, be adjufied to 
the middle of the threads, or elfe corrcdion may be 
made in the obferved diftance. 

In taking any angle, it is convenient that each of 
the parallel threads be about the fame di fiance frcm 
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the middle of the aperture ofahe eye-glafsj and fot 
this reafon the whole micrometer is contrived to 
ilide to and fro^ as the cafe requires. The fame 
motion is alfo of ufe in taking the difference of right 
afcenfion and declination, by Aiding the fixt parallel 
thread (on which the preceding flar is brought to 
move) towards one fide of the eye-glafs ; for by that 
means a greater angle may be taken in between the 
parallel threads, if need be. And it mufl always 
be remembered that the moveable parallel thread 
riiould be fet either north or fouth of the other, 
•according as the following fiar is expected to be 
really fouth or north of the preceding. 

In making an obfervation, either the inner or the 
outer edges or the middle of the wires may be 
brought to touch the objecftss but then, it muft be 
remembered to allow fomething for the thicknefs of 
the wire, in cafe the obfervation be not made from 
that part to which the index is adjufced. In ob- 
ier/ing the diameters of the fun moon or planets, 
it may perhaps be moft convenient to make ufe of 
the outer edges of the threads, becaufe they will ap- 
pear moft diftind: when quite within the limb of 
the planet; &c. but if there rtiould be any fenfible 
inflexion of the rays of light in paffing by the wires, 
this would be beffc avoided by ufing the inner edge 
of one wire and the outer edge of the other. And 
in taking the diftance or difference of declination 
between two liars, &c. the middle of the threads 
may perhaps be molt convenient: but, however the 
obfervation is made, due correction muft be allovv^ed 
for the thicknefs of the wire, if requifite. 

The 
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The difFerence of deciination of two fiars, fire* 
may be obferved with great exa<9:nefs, becaufe the 
jnotton of the ftars is parallel to the threads ; but in 
taking any other diftance, the motion of the ftars 
being oblique to them is a great impediment, be- 
caufe if one ftar be brought to one thread before the 
eye can be direfted fo as to judge how the other 
thread agrees to the other ftar, the former muft be 
fomewhat removed from its thread, fo that in this 
fort pt obfervations the beft way of judging when 
the threads are at the proper diftance is by fre- 
quently moving the eye backwards and forwards 
from one to the other : this method muft chiefly be 
made ufe of when the diftance of the objeds is pret- 
ty large, and the motion or rowling of the eye 
great. 

^ The micrometer is fo contrived that It may be ap, 
plied to telefcopes of different lengths 5 but then, 
there muft be a table for each telelcope, by which 
the revolutions of the fcrew may be turned into minuteg 
and feconds of a degree* In order to this it is ne- 
cejflary that the threads of the micrometer ftiould be 
placed exa£lly in the common focus of the obje<S^ 
glafs and eye-glafs, that is, where the images 
of objed:s feen through thd telefcope are diftindly 
formed. The read ieft way of doing this is, firft to 
(lide the micrometer into the grooves fixt to the fhort 
brafs tube, which carries the whole apparatus of 
eye-glafs, &c. and then to draw the eye-glafs out by 
means of its Aiding work, till the threads of the mi- 
crometer are in its focus, which is known by their 
appearing moft diftind, &c. Then thruft the ftiort 
tube before- mentioned into its proper pkc^^ as hr 
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as the fhoulders of the brafs work will admit, and 
place the objed: glafs iti its cell, and looking througH 
the telefcope at Ibme very dift^nt objedt Aide the 
wooden tube ih or out till you make the obje£l 
appear moft diftm£l, or till it has the leaft motion 
iipon the threads when the eye is moved to and 
fro^ for then the threads of the micrometer will 
be in the common focus of both glaffes, and that 
will be the proper diftance that the objedi-glafs 
ought always to be at from the threads i and there 
ihould be made fome mark or ketch in the wooden 
tube in order to fet it always at the fame diftance. 

The proper diftance of the threads from the ob- 
jeit-glafs being thus fettled, the table for turning 
the revolutions, &c. of the fcrew into angles or 
minutes and feconds of a degree may be made fe- 
veral ways i but as good and eafy a method as any 
is carefully to mealure how many inches and parts 
of an inch the objeit-glafs is diftant from the threads, 
and wnth the fame Icale to find alfo how many 
inches and parts of an inch an hundred, &c. revolu- 
tions or threads of the fcrew of the micrometer are 
equal to : then, making the firft diilance radius, 
the laft will be the fine or tangent of an angle an- 
fwering to ico revolutions. And having the angle 
anfwering to i oo revolutions, the angle for any otlier 
number will be eafily known and fet down in the 
tabie^ as alfo the parts of a revolution 5 for in fmall 
ancrles, fuch as can be obferved with the rnicrome- 
ter, their fines tangents or cords are nearly in the 
fame proportion with the angles themfelves. The 
diftanCe before- mentioned (to be ufed as radius) 
ouglit ftriftly to be taken from the threads to a 

point 
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point withm tbe objed: glafs about one tbird of Its 
thicknefs from that furface which is towards the 
wires, if the glals be, as ufual, equally convex on 
both fides ^ but if the focus of the obje€l- glafs 
Is pretty long and its thicknefs not great, the error 
that caEi arife by meafuring firom any part of the 
bbjedV-glafs will becon-ic infeniible as to the altera^ 
tlon in the angle. 

The table for the micrometer may like wife b© 
made by fetting up two marks at a diftance on the 
ground, and obferving with the micrometer the 
revolutions, &c. which they fubtend when (tea 
through the telefcope, and then computing the 
angles thofe objects fubtend at the objedt -glafs, by 
meafuring their diftance from each other and from 
the obje<ft-glafs. The like may alfo be done by 
opening the threads to any number of revolutions^ 
and then rhaking a ftar move exactly upon the per- 
pendicular thread, and noting the time it is pafiing 
from one parallel thread to the other ^ for that time 
turned into minutes and feconds of a degree, by 
aliowmg for the ftar's declination and going of the 
clock, &;c. will be the angle anfwering to the num- 
ber of revolutions i from which the whole table 
may be made. This method perhaps might be 
moft advantageoufly pradifed in ftars near the pole, 
where the apparent motion being flow a fecond in 
tiine will anfwer to a much fmaller angle than 
towards the equator. But I believe, upon trial, 
the firft method will be found moft eafy and prac ^ 
ticable, efpecially if the fcale made ufe of be v^ell 
divided* 
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